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m 1 mit^^mis^zsm 2 m<t^^mi^mm^^<Dmn 
^it e.n;t 1 n(Dmm.zy-)i h Sr=fir-r-5is*JS 1 ici2« 

1 *fcH^2««t«^Sg?SnTV>Si»*a2 tCiB« 

m^m5] MlE*Me*«. Be. A1, Mg, c 

a. Cu, Au. Ag. Rh, RuiS^ZJ^l rA^^fj:?> 

6 ] mmt^mmii. ^n^nm$im 1 iKfkS 
*s*itfim2iS{kssstjg-r^ 1 M(om 1 ^r^« 

t. taiB 1 *KDm 1 <*'rBlHtCt^*tlfcM2 (J^FbI^ 
K. 

[»*JB7] H9femi4'Fa«HCu, Au. Ag. R 

Femim. cxmim. T&mitm. n\m\m 

[mim 1 0 ] ifrKBI^ki|aB©JP$ tt*5 5 n mfitTt? 



[tt^js 1 2 ] mmmitmm^i. a 1 g?fb!^, s i m 

1t<^, Femitm, '>^d:/;^*-1' MHKfti^. TaKfk 

!», c r Kfk!ii*5 <fct;tN i mitm*-* ^u^mi: oa*5$ 

n^'>^j:< t*) 1 STJ^fiK$tlTl^-5W*JS 1 1 tClB« 

[»*jai3] ^e^tc, WiH^HSfbgiH. «fMB 
*5 iOt^ 2 i ^^tJlS^teta^miKW h^yi7 

*jcfcc/^m 2 m{t&^mtz^mmizm-:^(^izm%m:^it 

*##-r-5 1 *t<D/\- K A'-f 7XI»**-r-5«*JS 1 ic 

e*jitcRifit;&i6itc««s*i4*##-rs 1 n<Dm i <d 
mom^mzmi^xm^-^n. mw.m2mit^^mizm 
i:**-r2.«*« 1 izmm<om^t&mm3k^y h. 

-12 0° <Dftflg*;a:-riil*J® 1 4 lCia«<D«aSJrt^ 

im^m 16] fliiiB 1 *f<z)^ 1 ©M^KttKrawm 

K. *<i;tKH3fam(Dm2®s^att^rBi«>isii*^\ 

0.5m m£;TT*S»*J® 1 4 tia«®«aigta^* 

im^m 17] WE 1 1 (DRmm^^moim 
0 . 2 Atmj&iTt?*-2)i»*a 1 6 },zmM<Dm%is.m^m 

^y H. 

m^iBi 8] mmm^mmimii. mmmns,mm» 

izioif«ii.xwtn^ti^m^miu^^Li 6<D\,^-rn*^iz 

mm. 

CO 0 0 1] 

\^^^um&m%iimn±m&izm-r^. 

[0 0 0 2] 

m^<om^] m^, HDDua<Dmm.iimtmmz4s<.\ 
\z¥^-z>xm»mmz$im^n^mm}dy h-y-r x*«/hs 

mmzmmr^fctb. fi^^um^fmizMvx-^-^um 



It 13 2002-3191 12 



3 V-v 



[0 0 0 3] isffi-ctt. mimmm (t!>g) /'pm 

>A';i^yS{MR (SV-MR) 'S-y K*i^fiS?&/j:bTVi 
S. C®SV-MR'\y H«MR^-;/ KJCit'<T2«£t 

[0 0 0 4] «£*COS V-MR'v-v Htt. 

LfcflligSrfrr-S. *&, i¥5|e<DSV^MR'\5/ H«l 

t3i^)-5CIP (Current-in-plane) -MR'v-;/ KibT 

[0 0 0 5] giBTtt. 1 >tt<z)m«*^ e s VK® tcsia 

t3-tr>;^«t^^S«-r-5, tri*3i4)^CPP (Current-pe 
rpendicular-to-plane) -MR'n-v Kd^^^cStiT^^ 

[0 0 0 6] BrtfiS^t2S->XT-AtC*3tiT«, 

^n. SitlB&««^tSV-MR'\-y Hi:*lfl*^*>-fr 
[0 0 0 7] 01 6 (a) :hJ^Zf (b) (1, SiS^Sfi^ 

Vi^G I P^— KOSV-MR'S-y Hro^jg^^-riKi^ 

017 (a) (b) ^n^nmi 

6 (a) *±t;f (b) OSV-MR'V-y l«lca:D»€.n 
[0 0 0 8] ^n^cDvX^AJc43ViTtt, m:^;i^J^* 

[0 0 09] 016 (a) «^a[JS^iB©>'X?AtC-> 
^i^^WS V-MR'V-y H*jlfflbfcfe©T*^. 016 

(a) fciiliT, Sii:i2SJSl»C?*|6jT'5<k5JC, lo 
CDS V-MRKl 0*iKtte,nTti-5. SV-MRI^l 
Ott, RSSliSttSl l/t!>»l 2/7.^-^m\ 3/ 
7'J-Bl 4*«»LfcS*«|jfi*^-rS. SV-MR 

K 1 0 1 ?*<oK5(;>'-;n« 15, 16 ra»cffi«s ti 

[0 0 1 0] c:(D'>;^7^AT?tt. 01 7 (a) {c*$n 



1 1 ^wr^fc*. m^(Dmm^mt\z^^s\^xm^ 
[0011] 016 (b) \t.mmm%%^mtiyy^y-h,\zy= 

016 (b) fC:fcViT. Sai2gtSl C^trfiJ-T-S 
J;5{C, l*t©SV-MRI^l Oiii^ttenTti'5. 
SV-MRIKlOtt, 016 (a) <i:|gfi|}S:«*«|jS* 
*-r-5. Ijt^OS V-MRMl Ott, IWWJKSlv'— ;p 
F 1 5. 1 6PBl{CgaB§nTti-5. 
[0 0 12] Cl<Dv-;^7^A-Ctt. 2O<0SV-MR|^<£ 
MKil&fPS-yrT, 017 <b) »c^$n-5cJ:3fca!3fe<D 
BrtiK^fSS -> X 7^ A -c# ^> n-5 CO t ^^iTiai:^; ftjg 

%^ r >y :/«t' 2 -^CD S V - M RIK;«JiJ^^3^ n-sfei*, 
[0 0 13] 

[0 0 14] 

eset. jiti€.©«ftSft»(DiBjfci*sn;t*fisis<i:, 

m%miMm}z. wimm9^m.im^m<nmm\znv-T: 
mm.m\zmmzmm^mmt^r:Lii>\zm^^itx, ymm 
\zmmm\zmk^nrdm 1 nM^^x^mim\zmm.mz 

[0015] *^B^<Dft&co^^(::^-5SSHK»iegM^ 

UTiB:it^n«Jii3©iK«js©i^*'\-y Ht«*r-r-5, 

[0 0 16] 

mm<D^m<Di&m\ ^%m<nnmmm\zm^m^^ -y 

H«, ^lafb&SM (mi :7U-») *5j;D:m2fiS^b 
gAS (»2-7ij-«) 

^tsm%t&.m^^mt.. m%mimmm<Dmm\znvx 
^nm\zmmznm.^Mm-t^m 1 «ffii5 j;y:m 2 
t*w-r«. -r^sis-s, c:<Dfl8«fitt^*ggtt, cpp 
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gad. 4>fss. ^2afl:g«ji. ^mm<Dm-cmmm 

(»*b<tifiifiieS!K^) 
J:ZSf^2y u-)l«. S(riCD«fb::&ip|G)^ft:ic^ei;Tfi8 

[0017] :$.mmmm<Dm%^^y \i(r>±.>'»if^ 
^mmm:z:^fH2y')-m^^m^, mmm^^fji^m 

[0 0 18] mi 7U-^*5iu:m 2 :7U -^Jc^a® 
[0 0 19] 7t<hA«. mi7'j-B, 'pmm^^zfm 

<D/\— H A-f T;^lgS:i8lt. ^ 1 'J -S*<J:CXm 2 7 

[0 0 2 01 ^ft. miy^)-m<DmmmznihxiM 
<Ds.^mitm^mifxf^iy^)-m<Dmi^^(Dm<t^m 

izmm.m:^^^n^u f^2yi)-mo)m^wzmvx 

:&|6](cmfiiS*tt^^#LTfeJ;ti. c<o«^. miy 

\Si<D:f3^<Df3.tnm.\t.. 6 0° ~ 1 2 0 ° <OfSHT*n 

[0 0 2 1] c:©<t5fcbT«^s*tt*w#$nfcm 

^<D^it\zmcxm.m&im^^mmr^, ^-wig*, 

mm.m\z-z>\,^x\m.\zmm\zmm-t^, 

[0 0 2 2] 7U— Stt, m«Co, Fe. Ni^J^^) 
Co9oFeio (at%) > CoFeN 



i, NiFe. Fe, Co, mt^}lX$>^, 
[0 0 2 3] 7'J-Sl*igBtC43t>TXe>ft#»acD3a) 
*^m-rfcii6lC, mi •7'J-«*5<i:J/m2 7'J-B^ 

[0024] [5iHS8tte/34lJKtt@] OD«B 7 U -gfc 
tt, [NlFe/CoFel. [Fe/NiFe], 
[Fe/CoFe] ;^it*CDm^?>-^*3-a-*iffllie)n-2., 
[0 0 2 5] ««B yo~m<D 

#lS5ttB«. Au, Ag. Cu, I r, Ru, R 
h, Pd, P t;^cf(D*#M75^e,S#?^n-5. I?-®T© 

iLTfi. [NiFe/Au], [NlFe/Ag]. 

[CoFe/Cu] , [Co/Cu] , [Fe/A 
u] , [N i/Au] ;^c<h'*^*lf€,ti-5>. 

[0 0 2 6] Sfc, ^U-BtC, [«tta/Ru/fiStt 

[0 0 2 7] *«gq©5^igJ^ffitC*3liT«. mi7U- 
S, f PBlB*5<fcU:m2 7 "J -SSr^tiameSiSft^lKS: 

fc««Sei:LT«, T a:^j:t'«^MS, yU-MO)^ 

ifiH4*i6iJis-e-sgEifiittiWfli)i, «^F<oii®s*r^*^ 

«>Cfi8ttT*M{C«, Ni8oFe20 (a t%) -g-^ 

tlS. HBlfilttMIWgfrtt. [Ru/Cu] , [Au/C 
u] . Cu, N 1 F e C r ^^;S;f*^-&*n-&. 
Tift«S:y«fS]$!|ffll8lc, 3j^ffl#fF5, 5 4 9, 9 7 8 
fcBi^SnTt^^ undercoat ing film 
^life-C^rS. X'^:^^^.^— BfCtt, r-FezOs, F 
ezOiUacDF em^t!^ : T a^fti^ ; N i m^t<^ : C 
r203^C rOit£^(DC rS^^btl : Mngtfk!^/j:i**t 

[0 0 2 8] ±iBLfcX'<^3.^-Stt. 7U-B*fc 

i ^ -B $ «_hai b <i; -5 ?S:«ei»g A ^ n-5 « 

sbin #fi8tt««tttfFBi®«. mmmoyh-mtzmzm 

[0 0 2 9] **igJglSlC*5t,^Ttt, m^StriJcS*)^* 

i^Kofla^i^-ji^H^Ktciag-r-sciii^^ff^bt^. a 
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[0 0 3 0] lM<Dm^zy-)l\^<D^^^m 

1 mm^rcitm 2 mmtmm.mzmmr^ zl t.-bm^ l 

CO 0 3 1 1 *f8W©llli6JgJ8lc»««^'s-y H 

[0 0 3 2] tfFBl^tcH, 0i|A«Be. AK Mg. C 
a, Cu, Au, Ag. Rh, RuiJiD^I r*^^;!^:^ 

[0 0 3 3] ffrastt, -en-enmuKflsssssfctt 

m2fi8fl;gE&Si:S-r^l^*<7)^lfrBlgi, l^*<0|g 
1 t*'raBtC^*nS<fc5t'J^fi£$nfc^2 tf^MBt^^^ 

u, Au. Ag, Rh. Ru^it^I rjS^e^aSifJ;?) 

*Be'. AK Us^i:.UCa.1fi^1s.^m^K>M^^n 

[0 0 3 4] 2|c«?g®flS<Df|JgJg|ilC*5<riT«, t>ra)i 

A 1 Kfk!»ifct^«A 1 2O3, s 1 mitmitiiA.\ts i 

O2, T amim. C rmitmrchpHiCrOz. FeSE 
ft^fc<i:x.«Fe304, i5iiZf^U-:/Xtl-i hmmit!^ 
fci:^«LaSrMnO (LSMO) OS 

5 n mfiATtC-r-S) C i*5jff * b 

[0 0 3 5] *iBi««<fi©^sfi^iic^iiTta, 'f'ffls 

«A 1 2O3, S i A«S i O2, F e Kft 

#», TaKft^^, u\m{tm. ^u-:/7.i3^ hmmit 

u, Ru. Ag, Au. I r, *J<trKR hAve,;^^,© J; 
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[0 0 3 6] IJIT. B®$r#R^L^CyO^^*5SB>gcO*)SSJ^ 

* (CPP-MR) \^^m»M^m (ABS : air- 
bearing surface) tcSjfiifeSTW^bfcWffiHT^ 

^1 o c p p - M R >;/ H tt, mmm^mm'>7. a 

[0 0 3 7] 01 (a) JC^^tl-SJcoJC, CKDCPP 

-MR'v-vKfi, Tainsa->-;n-* 2 1 , mmmz 

2, Tflkas 1, sifisfbgfta imiyv-m) 2 

3, ^«tt#«8i4«)|Ef-t!}gj5e$nfcx^— y-B2 4, m 
zmit^^m (^2 7U-B) 2 5, »a[S3 2, ^2 

[0 0 3 8] cpp-MR^^^-rs, ^17'J-a 
2 3t^2 7U-a2 5, ;feJ:Df^ne>Jcei5Sn-2>X'^ 
— y-Ji 2 4 CDUHaftt, ilE^tWlSlffifcJtt bTH«^it»C)& 

tClBS ^ tlT ■& m^fiS*:tCtJ!o TfiSfb i * 
^S^T-S. ^^-r^Jc^tC. mi7'J— M2 3tm2 7 
U -S 2 5<0«fb:&|6j©;ia:t- ^Iftt J; O«^»ta^fk!0t 

[0 03 9] ^l«a2 2, T*a3 1, mi 7U-a 
2 3, y-S2 4, m27U-W2 5, «^«3 

2, *J;t^m2««2 6©ABS*>^zir|nIfcmnfcfi[ 

gtC«^M2 SAt^ltenXVi^), CPP-MRIKIC 

(^miss2 2^:m2ms2 6 iizi:ommizmAtzmm 

u, Ag, Ta*»^SlR$n«^JS*fctt^^*tfllH^ 

n^„ :iOCPP-MR'\-y fiS^>— ;l>H«^r 

K 2 1 , 2 7 «ia»tfc;&*n m^mi:^ o i$i±-c^-5 

[0 0 4 0101 (b) «, mi (a) {C:^-rCPP- 
MR'Ss/ HeDCPP-MRKS5^)^*ABS*^^^fc^PB 
mX&^o mi7U— S2 3, X'^—- tM2 4 43j;tJtm 

2 :7 u— »2 5 ^-g-trc P P -MR^tt, 1 M0)/\— H 
/N'-fTX^ (A-HK) 2 9, 3 OCDFBltClSg^nTti 
S. m 1 7 ij —m 2 3^J:tfm 2 yV -S 2 5 «. /N— 

K P 2 9 , 3 0 tC J; 0 -^I&I tC^^S7&tt7it## 

[0 0 4 1] *mfiJ^I8©CPP-MR^-y K©ai:^a 

m\z-z>\,\xwim-r^. 02 (a) ~ (c) «, at^^ai* 
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miy^J—m2 3, 7,^-^m2 4, m2 7U-«2 5 

ff-r^«^, 02 (b) (i'v-y K*tT-y:/fiS{k<i:^>^7> 
lK^b<hcoa^iSlgc©±*^^fT-r-5«&, 02 (c) 

[0 0 4 2] 02 (a) ~ (c) iZ^T, MRK«)j|«<*: 

:&i«ifcj«:i;T£tT®J;5{c^<l:-r^, 02 (a) tc^^ 

it. miy)-misi:zfm2y*)-m<ommii:h\zT 

•v-/*ipi{crs]#, m^\zw-ff\zu^o 02 (b) {c^s 
tx-5<t-5{c, mi^mitom^mmziit^^Tii. u-t^-c 
>i^<Bsros 1 7 u -m<r)mti)^y'yy^mzmt\y. h 
u— U >i''fi!om 2 7 u — H«)«fb«7 «i/ * 

^ft:L;a:V>. S£oT. ^l*5j;0:^2©7U-S««Jft 
^rrfi]«SV^lCK¥fftCi^S<. 0 2 (c) JC5^$n^c};3 

A p=A PBax*COs(0/2) = (PAP— 
;a:*3, Ap«MR^{b^ : MR= (PAP-pp) /PP* 
fflVJT, A p = pp • MRlCioT^fZltfcT^S. 

(0 0 4 81 tiEoT, UJ:^;gEfliAVttj*:a;T«3n-5. 

[0 0 4 9] 

AV=I- A p=I- (pAP-pp) -008(0/2) (2) 
(2) S;*»(&t>*>SJ:5{c:, ^l&r^^2 7'J-)i<Z)JK 

[0 0 5 0] CPP-MR'S-y H«:Stft--5«^, 
l^ro^;^ (He) . l^^±.<r>W»& (TL) , JK^W 
^^a^^^t'v-y h'PBl<D!Bfi (MS) . /VV7.<n^m.m (P 
W50. 06tC0^;SnTti-5) > X'^-- tJ-S«>0^ (t 

spacer) ^mm\zWL'&r^^t.ifimm\zfs.^. 

[0 0 5 1] X'^—- 9-B[*3-rcDXtf 

CPP-MRl^©x^^>>'3>^iS«JJCl2^-r'5 

[0 0 5 2] 05 (a) »C, mia)^JSJKJ8»C*ttSC 

PP-MR'N-;/ H*5J:0:iefi^!«{^WA'5^-^<&5^-r. 

05 (a) fCS^$n-5«t'5{C. CPP-MR3g 

eOJ5S * t freel= t (ree2= t f , 7 U -)i®^fla^ 



iS]gr> m^\,zw-n\zr£^. 

[0 0 4 3] 0 3tC*SliSJg^«CPP-MRA>y HO 
miJ&m (AV=I • Ap) SrMiCWJCS^T. 034'<^» 

(a) , (b) (c) T?^Snsm:'J«tt, -^-tl 

■?^n0 2 (a) , (b) jSj^ZS (c) (DttlifCjtJ&bT 

[0 0 4 4] 0 3{C^$n^ai^;iSt}^«, Se^OJMR's 

[0 0 4 5] m4itm3izm\^rcmtjmm^m^ti^m 

S5-t«Bg-r^0-X?fe^<. Ccr)0tt0 2 (b) {C^ffSLT 
*5 0 . ^ 1 7 'J -BOfiSfti^ 2 7 U 

[0 0 4 6] cdT, miy*)-mtf^2yu-m<Dm 

pp. SWr*^i:*(»«M«Si$rpAP. «;>i:fitn:^ 
^KSSrApBaxt-rs. r©i:€r, ffitri^flSAptt. ^ 

1 7 u -® t m 2 7 u -»©a{k:*|fi]*«;iS:-r0 4 O Aflf 

[0 0 4 7] 

COS (0/2) (1) 

Stm. X^—+»-g<Dip3i£ t spacer iT-5o C:«)<i:€r> 
v'— ;i/h**St+TtJfj:t^CPP-MR'\«> HfCiSttse 

[0 0 5 3] 

[Sci] 

FD = (3) 

[0 0 5 4] ft^<DW^jc<tn«. x'^-- 

2 nme^i5 0 nmJIi^T, $ e.tC5 nmtJl±3 0 nmjlJt 
TU, aj:^*t{gT-r^o X^-- y-^©JP3*t5 OnmJ: 

[0 0 5 5] X'^— 9-»oj|t$tt, (3) <fc»);*:s:T? 

[0 0 5 6] 
[SC2] 

fifoT, (4) ©:&iad«TtB«)HfS&SI;tT;:t?)^S 

[0 0 5 7] 
[1^3] 

2(nm> :S ^ 50<nm) (5) 

M • (tf 

[0 0 5 8] 1 0 0 G b p s i JEAJi©KS?K*C!)»'&. 
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M=100. t f = 2 nm~l 0 nrnt^-SOT, iiS 
fiFDtil4 (nm) ^FD^160 (nm) iilS.^^ 
[0 0 5 9] mm^^^\^±.^^^tz'i>\Z\,t. MRf^W 

7'XDS:fi<-r^«Ttt;5:<, H5 (b) tC0S^bfc<fc 
tt-5e:^:tCj;-DTfeMRK<07^:/XDSrS< Lfc«^i: 

D + GD^FD©^frS:Sifcf eit^WSbti. 
•:>T. 1 0 0 G b p s i fiiiCOiaSffiaPTH, 1 6 
OnmSifcJiD + GD^l 6 0 nrnT^^.^idW^L- 
[0 0 6 0] ^(C, ms (a) {CS5$n-5CPP-MR 

[0 0 6 1] cpp-MRWfcov>Ttt, mi:h<kz^m 

2C9:7"J— B2 3, 2 5{CN i Fe/CoFe, X^— 
•y-M2 4tCCu=&fflVK 7'J-S(Djp3 t freel= t 
free2= 5 nm, X'^— tJ-^CDiP$ t spacer= 2 0 n 
m, x:/XD= 1 0 0 nm, h^y ^^(gltfloKDS^ L = 
lOOnmtbfc, A— h'A*-rTX^2 9, 3 0 (— ;^ 
|fi|{CKYt;*iH«3nTt>^) tC^CoC r P tMi&ffl 

A— KA'-f 7X1^©;^$ tbias=4 Onm, SSfiS 
fl:Mrbias=5 0 0 emu/c c tUfc. «#:«Siit^ 
SB 1 <i:«:«tt«tT^M 2 ©aSflljg-r* K) , le^bM© 

PS t record= 1 0 nm, mSM^tU r record=4 0 0 

emu/c c, «*T^S®JPS tsoft=l Onmib 

STL= 1 0 nmibfc, CPP-MR'S-zHtlifr® 
m%m7.^~i^>ifMS= 1 OnmtLfc. 

[0 0 6 2] H6fC±iB(D^#T#6.n-5m*«J^S* 
•r. S6{c*5iiT. (a) ;i/H;iil„ (b) fii' 

(->-;Uh*^1|ig : 7 0nm) , (c) 
;UH*0 (S^-;l'HMW: 5 0nm) 0 6{C:^ 

snsj:5tc, ->-;i'HraiB*«»£<;5:5fc-s>*tT. W;*; 
©*ffiiIiT*SPW5ofi/jN5<i^-5. :(S:*3, ^I^H^r 

[006 3] m2<D^mmm) m7\t, m2<Dmmm 

ffiJC^fettSCPP-MR'N-y HSr!lii*:Ml^ffi<>:¥ff;5:® 

4 2*tj^figsn, iE-«-g6diX'y9^>ysn. -e^tcT 
ffl->-;i' H 4 1 fcfigfs e^-j^ttw^ 1 «S4 3 *t» 

ii6i^StlTV>-5. ^Ififfi4 3i&«t''£,^i:LT, h^-yi7 

(y:&|6l) IC«^oT*ei&M4 2(75ii5fiilgP©±tC, 
l^*©A^-->;/$nfcmcDS^Ktt»4 4 a, 4 
4 b*«P^$nT(r»S. ^I«ffi4 3. »itB4 2 43i 



r/^^lCDR^fiS<tS4 4 a, 4 4bJilC. TttgS 5*t 

X^— y-M4 6*iJ:tKM2 7U-M4 7 ^^tJCPP- 
MR|i*<Jgj^SnTt>-5. m2 7U— ®4 7<7)-gP±»c 

16]) ^zm■oxm2y>J—m4 7<DmmmzmLT. im 

<D/1^-->^^$nifcm2®K^l8ttB4 8 a, 48 b 
*«J^m$nTli^. ffiaHS 7;feJ;tXm2©S3fe«ttS 
4 8 a, 4 8 b±{Cite^M4 9*i}^fi£$n, ■^<D-aR;ii 
X-y5">^^$n, ^C(C^2 7U-®4 7tC«.-r-5fcf^ 
-J^ttCDm2^ffi5 0*iffl*63iStlTti^, «6iftS4 9 
*J:lXm2 «S 5 0 ±»c, iaKv—^P H 5 1 itmsSi^n 

[0 0 6 4] 7'J— S:feJ;atX^— y-p{C«. ^lOiM 

[0 0 6 5] Tf^Mii^ummmoiitmtvxM. 

tt^RfctAliTa, Ti, Cu, Ru, Au*3j:t;fC 
ri^i:, ;&:emc«:att«<sffci:;JL«N 1 Fe (A-V 
p-f) *J;l^S«CoZ rNb;&:fd<*tf6n-5. 
[0 0 6 6] S^iStt»tLT«. PtMn^^, Pt 
PdMn^^, CrMn^^. CrPtMn^^. Ir 
Mn^^, RhMn^ife;at'dtfflne.tlS. Km&^M 

*iT#-5, (i) S^fi5tt«:^figKb. 7* h'Jvy^ 
yo-feXtCjcO U-v'X h^A^— ->4/b. Uv* 

A^'->=&}^figLfc«, i^i^x h<&^5&-r^. (ii) :7 

* h'jyy^^^— ICcfcO Uv'X h^£A^-->i^L, 

[0 0 6 7] sMm\SL^mt.wmii<Dfi[\zm^^n^m 

[0 0 6 8] ilWCPP-MR'Sry HfCfetiTfe, 

s^i^aBtt^ 1 mffi4 3 *j:y:ii2«ffi5 o \zm^nfz. 

CPP-MRIK©g5^i-e^^, c:©-t>>'>i/gRtt, ^ 
i:7U-S45, X'^— tfa 4 6*3d;yt^27'J-g4 
7S^tr. A^'-->i^$nfcS58fflittS4 4 
a, 4 4 b, 4 8 a. 4 8 bmr>"»y!B*^6tt-rb 
TJ^fig^nT^^-So Vtztt^-oX. dWCPP-MR^-y 



8 v-y 



[0 0 6 9] miC0S^iStt«4 4a, 4 4b«. mi 

4 8 b ^ 2 7 U -S 4 7 WP^SSgeoafti^H^-r ^. 
:ii:(cJ;«3, •fe>->>i^gB (E®®><^*a6) tcffi^-T-S 

m2y*}-m4nz. m»M\^mizMvxm^<DM&^ 

tt, mi^Mi^mi)^^m':3xwi4 5°'^^UL. i)^-z>m^ 

tt, *5*i<t^6 0° ~i 2 0° 0Dl6fflT*n«J:Vi. 
[007 0] *#:WtCtt, T::i-U >if\Z^-oXK^m 

otm 2 7 u -H 4 7 fc^n^^nfi8^^;&ttS:^#-r-5 J; 

5tc, 2ia:|ii©7r:-;p*tfffcn«, 

u -« 4 5 »c(*#snfc»MJi*tt)*«m 2 ms(Dr^- 

g44a. 44 btm2<OS§S«14^4 8 a. 48bt 

[0 0 7 1 ] 07(C^f IJtW/l^'— zi>^5'$ 

nfcS!iattH »C J; o T 7 U -B©aSCS;^ttSrl&IWT 
2 0(DS^«tt«:JiraOK(IILSjg«J(Cia)£r 
^diA^^^Lti, 2t3©K^fi8tt<*:«PBl®ig«lL«, 
0. 5 nm£K~fX$>^Cint)W^V\/^o L;JSO. 5 //m 
<t»3;»c^v^t, 2o<oKlij8ttPratcfi:S-rs:7'J-P 

±^uumti^m±t^-&. tsi^\zwvi^;\^-if>y-f 

2 um«TiV>t)nTV>5CD-e, LttO. 2 umfiilT-t? 
Stews 

[0 0 7 2] ^%mm^(^cpp-UR^v \^<D 
[0 0 7 3] 08:}3<J:O:09S#figUT, ^m^^^ 

mt^fztb<r>mi<r>:)sm\z-o\,yxmmt^. 

[0 0 7 4] 08tt, 07<DCPP-MR^-y HtC^tt 

^&s^-r0T?afe-5. mm^n^\z-r^t:.mz. z.<DWiX\^ 
f^iy*)-m4 5tm2y*)—m47 srSSMr/tc l-t* 
bTi^«). va^v. nmzit.miyv-m4 5izm2y 

•J— «4 7«S;^oTV^-5. 08fC*5tiT. ^l^U — 

■45 o)mn.^:^^(D:^\^imwntfim\zMvxm+ 4 

5° ^J&±i6i^. S2 7'j-g4 7©iKmS:&tt«):&ifii 



5. bfcdtoT. mi 7U-e4 5«jiSMS;fyf±«:*r«ij 
im 2 7 u -@ 4 7 <Dm^ll:^tt®;fy[fijttS(Sia3gLT 

[0 0 7 5] ll9tt, @8®J:ptt«SSCa?&14*«f*#S 
nfc m©7'J-«*^-r-5CPP-MR'\>v HfCJ:^ 

[0 0 7 6] \f:fyiT-y:/mit<Dm<tmmm.<r)±:^ 

&^fTt-S«^> mi7U-S4 5®m<k*lRli:m2 7 

'J -B 4 7 COfiSfk^fnltti: tCT :/:;^[P]fC[fi]V>TSVi 

■r. 

[0 0 7 7] 's-;/ H)!>*ll{bSi^1S«a)±;&*j£fTT-5« 
mi7U-B4 5CDa{b;;^|fi]i:m2 7iJ-S4 7CD 

so-c»5. 

[0 0 7 8] ]^ii^is^o>mn:<om<mmm^<D±:» 
^Mff-r^m^. miyu-m4 5<Dmit:^itiitm2y 

[0 0 7 9] iW±©j;3tcm^em*'^m-r-5;::i{cj; 

5 ^fcitm 2 7 U -« 4 7 *^ e)T« v—iW H-4 1 ^Tcit 
±^i^—)l K 5 1 'viSgn-Sro-C. 1 MOfiS^v'— ;u H 

[0 0 8 0] 01 O*iJ;t/01 l^#fiSbT. 

[0 0 8 1] 01 0«. 07O)CP P-MR'v-;/ HfC*5 

tt^ iM®>"j-S(c#-^$n^a«s:*tt<o;^[6i<7)ft5 

OfiSISr^TS-Cfe^, 01OfC*3ViT. miyU-m4 
5 ©«^S*tt®*|p|ttj«{«:?t*xjiSfC** bT*«)+ 4 5 ° 
i^j&±(6j€?. m2 7>J-B4 7<DismS:&14<:o:^r6]««E 
(*:ittr[HJX»UT*?)-4 5° ^i>6Tr6l€r<i:ifS:oTt>S. 
b^c*toT, m 1 7 U-S4 5 ©«StS*tt<D3&r6ltm 
2 7 U -S 4 7 «)lK^S*tta)*lBl«e«it32bTli 
^. 

[0 0 8 2] 01 Ui, 01 0(Oi3tfi^«S*e*m 
#$nfcl*f<D:7U— «Srfl-rSCPP-MR'\y K»C 
J; -5 m:^«EJ^Sr5^-r 07? * ^ . 

[0 0 8 3] -y H di^^-i/ >JSft;*^ y b'^OS 
^««(7)±^&^ff-r^«^. mi 7'J-B4 SCDfiS^b 
;Erlfijtm2 7U-)i4 7<D«fl;;&|6jttit>lr7K¥T¥fT 
{c;^-5fc«?). m;^^ffitt-Vpptt.i3g{£fiiSr^-r. 

[0 0 8 4] \if}i7yzfmit^rzity'y>miti)^m 

< IBSaE«)±;^Sr^fTT-5«^. m 1 7 U -B 4 5 W 

«[ft:*ifii tm 2 7 u -B 4 7 (Dm{t:^\^itmm^ \^it 
SST*S<DT, m:'3S)E«aaoi?$>^, 

[0 0 8 5] ^v¥^i)^7v ya^b*^ G iS^-? >fiS{b^<Da 
^Mi|E<7)±:&S:^ffTS«^. mi 7U-B4 5<0flS{b 
*lfiltt±l6l€r. m 2 7 U -B 4 7 <Ol8^b*t6l«TlfiJ# 



!|#^2002-319112 



9 V-y 



[0 0 8 6] J&^±©J;ptC{S^fi8«<£«iair^c:ifCcfc 

^ffll^S^^. fiS^ttHl >"J-g4 5*^e.^2:7"J- 
g47'S. *75:tim2 7'J-^4 7;5^e^l 7'J-«4 

[0 0 8 7] mcommmm) a i 2 mmnmmm 

(DCPP-MR-x-;/ H(cmV^e.n-5C PP-MR^*!« 

CPP-MRKfi, mi (a) T«®3 1. 

II17U-S2 3. X^—*}-m24. m27U— ^2 
5. «aB3 2 7!)taH$nTti.5. mi 2<DC 

P P - M R IR-e{4> X'^— y-» 2 4 dt^niPtlH 1 :7 U 
-B 2 3 Sitttm 2 :? U — g tS-r-S 1 1 ;^'^— 

•9■g24ai:, l^^comi X^-- 9-M2 4 

[0 0 8 8] i^bfcct^JCX'^— 9-S©^J¥«*^BJ 
C0*Jfi^^tr^-5CPP-MR'\<y K^^tf-r-SiTf* 

[0 0 8 9] Xhr>l£«tg*^'fi^i«^sfa:LT«A 1 , M 
g. Be> C a<0J;3;^M^SCD/jN$(/^7C^*>6>?S:'5^ 
JRSfctt-€-neS:^tfJ;-5)a:^^***tf^tl-5, Al, 
Mg. Be. Ca©Xtf>l£tS[gtt, ^MTf*52 0 0n 

Mgg4fflir»sz:i*^jgST*-5. m^^mm<D 

fiV^Cu, Au. Ag, Rh. Ru, I r f3iii<D^^^'h 

^\ a^ww^wife*. ^:tlS©I^^B^■r^4x^f>'^£«[fi 

*«5 0 nm£t±a&«t#it&tlS. 

— y-»/^2X'<— (ts/^ix'^— y-«] <D3B#iig 
*i^tf6n^. ^ix'^-- Au, cu, A 

g. Rh, I r, Ru*^SS*5;Sn-5^JB*ifflHe.n 

^2X'^— y-JitCtt, Al. Mg, Be. Ca*^e> 
S5?^n^^Sdtfflv^e.n^. c:(D«SMii-C«. ^2 
X-^-- y-HtcJ;OXt>*£«Cft^£IBSL., mix'^-- y- 

[0 0 9 1] miX'^-- !J-)lWK»«Xf>l£«l[ft*t? 
#-5fftt#«-rfc*IC 1 0 nmOTT*-SC:t*W$b 
ti. S2X'<-1i-»®IRJ»tt, Xfc!>tS»fiJ;«3t)®< 

^i-SJc^fC. 2 0 0 nmiUTT*^c:i:7&^i!fSbt.5o 

[0 0 9 2] s^c. :7ij-^4'©xe>is«ftfc#«-r 

■Si. CPP-MRIi[©7U-«tX'^— 9-B«)KJ»© 



idWSLii. ;r:cT. 7"j-BcoM/?tnxtr 
[0 0 9 3] :^^m(Dm<D^mmm\zm^mm.&tn.^m 

^ a 1 3 1 4 tC;5^Lfc^aCS*t^* 

[00 94] mi 3«, ^1 7U-®6 1. A 1203;^ 

i'wK'fbtiTj^jsK^nfcX'^— y-ee 2jsjzzfm2y'} 
-me 3^mm\.tzh>:^)immm.t&m.mskm (tm 
R) ©»fB0T»s. TMRPTta, m^^tn^mmt 

AlK{t#». Fe3O4;fti:<0FeKft:#l. LSMO/j:i' 

[0 0 9 51 01 4H. 01 3t|^im;5:«it$Wr-5T 
MRIKTa&S*i, X'^-- l^-H 6 2 i: bT [ifeSS6 2 a 
/mimm^t:.\t.^vitmm6 2 b/^Jg«6 2 a] ® 

6 2 b«ig^-rbfe]Si^)K-t?*S'£'.Stt;i<. #]li^Ta& 

\zis.-DX\<^^-h^^m-x. m^i'mmmmzii^xmmt 

[0 0 96];*:{C. ^^^gtC^S^CPP-MR'X.y H<£ 

T -fe > :/ u b fcfiaa5^^ X i7 iitBt;i-D v^TSiwr 

[0 0 9 7] 01 5 (a) liCPP-MR'N';; HS:^« 
— ^S'T— A2 01«, fia^T^^Xi^gMrtCOHfettJCH 

^^n^fc»<D7^dt|gtt6.n. 0s^b;si'»mi6n-r;i/^ 
0 1 ©— ss^ctt•t^x'^>v'3 >2 0 2*t@fe$nTv> 

■5. ■y-X'Oi^g >2 0 2«5fe^{c«CPP-MR'\-:/ 
HS^««b7£:'S>y HX^-f ^2 0 3 dSlKO ^tlTt^ 
1fX'^>v'3>2 0 2{C««#<D«€rji^;6 

J; m® «j - HiS 2 0 4 *tBii:$ n. ^1 <D u - 

KIS2 0 4<D-»i'\>y HX^-f ^2 0 3 tCffl.^i^Sn 
/t C P P-MR'N-y HcDSmffitCSi^^n, U- K«a2 
0 4(DflfiSgtt««A.y H 2 0 5JC«i[^StlTt»S. 
[0 0 981 015 (b) «015 (a) \zmtmfS.^ 

S:^-r^«0ra5-5, JS^T^W Xir 2 1 1 ttXt;> h'Jl/ 

2 1 2izmm^n. m^vf3.\^mmmsmmm^^<Dm 

».0^JC*e^T-505Sbiia:V»^:— 3'{cJ;0lHieT'5, 7 
i75^iX-^T-A2 0 l«H^fl6 2 1 3trH!t$n. 
-»*-X'^>->3>2 0 2i3^Zf^(D9c^(D^y iiXy-ry 

2 0 3S3^^bTt»-5. «^7=^xi7 2 1 lami^'r^ 
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2 1 i(r>^m*^^m^mm±vrz^m-v^m^n. mn 

15IS&<t*»e«lfiKSn-5. Ti7^3.X-^T-A2 0 1 (i 
@5t«l2 1 3©±T2^lR)f^C^^t^nfc05^L;5:^>:l^- 

[0 0 9 91 

[01] mi <D^mmmiz:tiif^mm.mmMm^^inm 
* (cpp-MR) {f^tmntpimzmmfim-vi^ 
mvrzmmm. ^sacrxcKDCPP-MR'sry h©cpp 

[02] mi<Dmiimisnz^vf^cpp-MR^'i/\(\z 

[0 3] mi(D^mmi&iZ:)Sif^CPP-MR^y\^(D 

mij&if^im^m\zmrm. 
[05] (a) itmi(Dmmmmiz:tn-t^cpp-MR 

H*J:tXIBSjK«i:<)!>/'<7^-^?£^-r0, (b) tt 
mi^HiSJ^ffiJCiJtt^CPP-MR'N-y Htc^a5:7 7 

[0 6] 0 5 (a) (D^f^-vm^ti^mtii&m^mr 
0. 

[07] m2W*SS}g^ir*5tt-5CPP-MR'\<y 
«5(^*t|6lS t W:^iifT^»f b fc»rH0. 
[0 8] STWCPP-MR'^-y K(C*3tt-5 1?*K)7U 

[0 9] m8izmrj:otzm^m:^mm¥-^ntci^ 

<D7U-SS:*rT'5CPP-MR'\>:/ HtCj;SUl:^>ffl^}^ 

*^-r0. 

[0101 a7©CPP-MR'\-;/ HfCiSttS 1^#<^)7 

0O 

[0 1 1 ] 0 1 0 fca^fi 5 ica[aji:i&tt*t##$tifc 

13*©7'J— S^W-rSCPP-MR'\-y Hici-sai:*; 
[012] <a»3lifiJ^litc*5ttSCPP-MRK«»rffl 

0. 



[013] <a®*ig0S|{C:fettSTMRIK©Wfiii0, 
[014] <IM<7)*JgJ^»tCi5tt^TMR^CD»fffl0, 

[015] ^mmoi-nmmmizm^cpp-MR^y 

[016] i¥5l5<7)SV-MR'\<y H<^)«iS*S^-r«EII» 

0o 

[017] SV-MR'N-y HlzJ:0»&nsa:*«}g« 

1 - sa^gH 

2- tt«ft«iT^« 

10- SV-MRIK 

1 1 - K^mmm 

1 2- e>a 

1 3-x-r^—*rm 

1 4-7'J-B 
15.1 6-fi8^v— ^PK 

2 l-Tg6®»>'->'l'h* 
2 2 --^lS« 

2 3 "miafl:aSM (^1>"J-S) 
2 4-l^«tt*ra^ (X'^-IJ-^) 
2 5-m2fi8<t:g*B (^2:7U-g) 
2 6 ••%2m« 
2 7 •••±gl5fi8a'>-;^H 
2 s-fmrn 

2 9, 3 0 - /\- H/\*-f 7Xli! (A-HIR) 

3 1 -T^m 

3 2-«^e 

3 3 H 

4 1 T^v-^U h* 

4 2^ii:S 
4 3mi«ffi 

4 4 a. 4 4 bm KDRmmitm 
4 5miyu-m 

4 6X'^— y-s 

4 7^27'J-^ 

4 8 a. 4 8 b^2CDM^®ttB 

4 9«glt€ 

5 0m2mii 

5 1 H 
5 5Tflfe^ 

5 7^mm 

6 1 ^ 1 7 U 

6 2X^—*)-m 
6 2 a^JS€ 

6 2 bK^ti^BSfctt^^u/fbiaW 

6 3 ^ 2 :7 U 

2 0 l "7^5^iX— ^7— A 

2 0 2 — y-;^'^>->3 > 
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2 0 
2 0 4 

2 1 IHK^T^^X^ 



2 1 2-xe>F;i/ 

2 1 

2 1 4-4^<Xn-r;i/^— 
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